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The effectiveness of biofeedback therapy, using the electromyograph, was compared with conventional
physiotherapy treatments in eleven hemiparetic patients with severe disability of the upper limb.
These were divided randomly into two groups, a group of six patients receiving biofeedback treat-
ments and five receiving physiotherapy treatments with conventional techniques. The results showed
greater improvements in the biofeedback group in most fields of testing, and the patients in this
group had a greater degree of control over the patterns of movement in the upper limb and the relaxa-
tion of spastic muscle groups. It was concluded that a wide range of hemiparetic patients should
benefit in some degree by treatment of this form.
Recent studies have shown that biofeedback
training can teach patients to gain a certain
amount of control over some cardiovascular
processes (e.g. blood pressure, heart rate) and
neuromuscular disorders (Green, Green and
Walters, 1970; Simard and Basmajian, 1967).
Such training involves recording the activity
of a particular response system (e.g. electro-
myographic activity), converting the physio-
logical activity into a visual or an auditory
signal or both, and feeding the modified activity
back to the 811bject.
With correct instructions, the patient can use
this extra feedback, along with that from normal
proprioceptive, kinaesthetic, and visual sensory
input, to gain varying degrees of voluntary
control over neuromuscular activity, as demon-
strated in the present study.
A great deal of interest has been shown in
the area of muscle relaxation during the past
decade. Work has been done on relieving ten-
sion headaches (Budzinski, Stoyva an d Adler,
1970), reducing sternomastoid spasm in spas-
modic torticollis and neck trauma (Brudny,
Korein, Levidow, Grynbauill, Lieberman and
Friedmann, 1974; Cleeland, 1973), reducing
muscle tone in the gastrocnemius muscle
(Amato, Hermsmeyer and Kleinmar, 1973),
and improving postural control in cerebral
palsy (Harris, Spelman and Hymer, 1974).
Success in gaining control over spasticity in
the hands and legs of hemiparetic patients has
been found in previous studies (Amato et at.,
1973; Swaan, van Wieringen and Fokkema,
1974). The field of improving movement
strength and range in non-functional muscles
has also attracted much research in the past
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two decades. Biofeedback studies have been
done on voluntary muscle control in the
hemiparetic arm (Andrews 1964) and leg
(Basmajian, Kukulka} Narayan and Takebe,
1975; Kukulka and Basmajian, 1975), and
various neurological disorders including trau-
matic quadriplegia (Brudny et al., 1974).
The purpose of this study was to test the
effectiveness of biofeedback therapy com-
pared with conventional physiotherapy in the
treatment of movement disorders of the upper
limb after a hemisphere cerebra-vascular
accident.
METHOD
Criteria for Patient Selection
Twelve patients (clinical details, Table 1)
were selected according to the following
criteria:
1. A cerebra-vascular accident, which had
occurred at least six months previously (a
hemisphere lesion).
2. An upper limb with moderate to severe
paresis.
3. Poor functional movements.
4. Good mental function.
5. No receptive dysphasia.
Groups
These patients were randomly divided into
two groups, Group 1 receiving physiotherapy
treatment and Group 2 receiving biofeedback
treatment using an EMG machine. All treat-
ments were conducted by the same physio-
therapist and all received two one-hourly
sessions per week, for six weeks.
Assessments
Each patient was assessed prior to and on
completion of the course of treatments, in two
ways. Initially a written assessment documented
the following:
1. Sensation (four modalities).
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TABLE 1: GROUP CHARACTERISTICS
BIOFEEDBACK GROUP
R.R., 54, M
D.R., 60, M
J.P., 53, F
W.H., 67, F
Patient, Age (years)
Sex Presulned Diagnosis
D.S., 59, M Infarction
L.R., 40, F Aneurysm Sub-Arachnoid
Haemorrhage
Infarction
Infarction
Infarction
Infarction
Muscle Tone in Sitting on
a Straigh t Arlnless
Chair
Mild Spasticity
Moderate Spasticity
Strong Spasticity
Strong Spasticity
Moderate Spasticity
Almost Flaccid
Side Affected
L
L
L
L
R
R
Time (in months)
Since Stroke
14
69
10
20
7
18
PHYSIOTHERAPY GROUP
R.C., 49, M Infarction Very Strong Spasticity
E.B., 51, F Infarction Presumed Embolus Moderate Spasticity
E.K., 54, F Infarction Moderate Spasticity
G.D., 22, F Infarction Strong Spasticity
J.D., 67, M Infarction Strong Spasticity
L
L
L
R
L
30
16
6
6
6
2. Muscle tone In sItting on a straight, armless
chair.
3. Voluntary Isolated movement, outside syner-
gistIC pattern.
4. Synergistic movement pattern.
S. Functional activIties.
6. Gross motor abJ1Itles.
7. Primitive reflex activity.
8. Righting reactions.
9. Co-ordInation.
The sections were each assessed on a points
system using the appropriate criteria. Muscle
tone, synergistic lllovement pattern and volun-
tary lnovement outside synergistic pattern
were all assessed on a Brunnstrom-based system,
the last section being also assesse d on body
posItion, parts of limb involved in the move-
ment, degree of difficulty of the movement,
range of active movement obtained, and muscle
power. Gross motor activities an d functional
activities were assessed on degree of success,
the latter also j.nvolving degree of assistance
required. Righting reactions were assessed on
degree of response and percentage usefulness of
response, and co-ordination on degree of diffi-
culty and percentage of success.
Secondly, audio-visual films recorded each
patient performing or attempting to perform
the same movement sequences in order, follow-
ing the pattern of Brunnstrom's recovery
sequence (Brunnstrom, 1970).
The audio-visual films were assessed by two
Independent assessors (two physiotherapists)
without knowledge of treatment group or order
of filming. Each patient was graded using an
assessment form (Figure 1).
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Treatments
Group 1 patients received individual physio-
therapy treatments using conventional methods
to the affected arm. The above was always
carried out by the same therapist and patients
were encouraged to practise the exercise at
home. The treatments were oriented towards
each patient's motor deficit. The various body
and limb positions in which each exercise was
performed were noted, and progression was
attempted to more difficult movement patterns
and posltions. Techniques used included
Bobath (Bobath, 1970) and Brunnstrom
(Brunnstrom, 1970).
Patients in Group 2 had treatment generally
limited to three or four muscle groups selected
from the following, and depending on the
initial assessment. These included the finger
flexors, finger extensors, wrist flexors, wrist
extensors, opponens pollicis, thumb extensors
and supinator. In one case shoulder abductors
and flexors were also treated. The time of each
session was divided equally between the groups
chosen.
Procedure
The positioning of all patients was constant
for all treatments. They were seated in a com-
fortable chair with the hemiparetic arm sup-
ported on a plinth. The part of the forearm
concerned was cleaned with surgical spirit to
reduce skin resistance. An indifferent strip
electrode soaked in soapy water was placed
around the wrist, and the two active electrodes,
prepared with electrode paste, were taped over
the muscle belly to be trained. A HEIWA-MX
7T EMG machine was used.
The machine was then adjusted to show an
interference pattern on the picture tube of the
cathode ray oscilloscope (i.e. a visual picture
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FIGURE 1: FILMING ASSESSMENT
PATIENT ASSESSMENT NO.
SYNERGISTIC MOVEMENT PATTERNS
State whether in stage 2,3 or4 {andonward~~~~~~~~~~~~~~~~~~~~~~~~~~
Complete this box (according to A. score) after viewing entire sequence.
A. SCORE 1. Not able to perform.
2. Primitive movement - synergy over-rides movement.
3. Movement deviating-from synergy.
4. Relative independence of synergy.
5. Components approaching normal.
A.I a. Hand to lumbar region ~ - ~~~ ~_~~~~~~~_~ ~~~_
b. Raise arm forward horizontally _~ ~~ ~~_~ ~~~~~~~_~~~_
~ Pronation - supination (clbow at 90°) ~~~~~-~ ~~~~_~~~~~~
~ Scapubr movements - (1) protraction, (2) clevation -~------~---~-----~~-
A.2 a. Raise arm side horizontal __~~_~~~~ ~~~~~~~~~~~~~~~-----
b. Raise arm overhead
c. Pronation - supination (elbow extended)
SPEED TESTS - Compare (a) speed of movement, and (b) components of movement of affected arm, with normal
arm.
B. SCORE Speed 1. Very slow.
2. Moderate.
3. Approaching normal.
Movement 1. Poor - not able to make movement.
2. Fair - complete movement but synergy
predominates.
3. Good - able to break down synergy.
B.1 Hand from lap to chin Ca) Speed
(b) Movement patterns
B.2 Hand from lap to opposite knee (a) Speed
(b) Movement patterns
WRISTS C. SCORE as for A.
C.I ~r~t nabil~ation ~r grasp - Le., exten~n ~~~~~~~~~_~~~~~~~~~~~~~~~
C.2 ~riM flexion and extendonwtihclosedfi~~~~~~~__~~~~~~~~~~~~~~~~~~
FINGERS
D. SCORE
Functional activities:
O. Not able or not attempted.
1. Minimal functional movement - needs maximal assistance.
2. Moderate functional movement - minimal assistance.
3. Good functional movement - no assistance.
D.l Mass grasp
D.2 Mass extension
D.3 Grasps (a) Hook
(b) Spherical ~ - -- ~
(c) Cylindrical
D.4 Thumb touching each finger
D.S Individual flexion and extension of thumb ~~__~~~~~~ ~~ ~_
D.6 Moving pegs on board ~__~ ~ ~_~~ ~~~~ _
D.7 Brushing hair
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of the contracting motor units of the muscle).
The gain was adjusted according to the patient's
ability to produce a pattern and was conse-
quently increased or decreased during the
course of treatments to show a progression of
contraction strength.
The patient was instructed to attempt a
contraction of the muscle group concerned and
note the result on the oscilloscope, as well as
the auditory signal volume. At this point, the
gain was adjusted to show a medium sized sine
wave amplitude. The patlent was then instructed
to try to increase this amplitude and at the
same time increase the volume of the sound
signal by a stronger contraction. The patient
was told to make an "effortless" movement,
isolated to the one muscle group, thereby
minimizing the increase in tone from overflow
to hypertonic muscles. As the movement be-
came eaSIer to elicit, the gain of the machine
was decreased gradually to give a smaller wave
amplitude for the same contraction. This
showed as a concrete improvement to the
patient.
The biofeedback method was also used to
decrease spasticity and teach the patient to
control the tone in the hypertonic muscle
groups, and here three methods of progression
were em played. TakIng the finger flexors as
an example, the electrodes were placed over
this muscle group:
1. The patIent was Instructed to flex the
fingers, and then relax them, takIng note of
the electromyograpluc activIty. As the
patient became more proficient in the speed,
and extent of relaxation, the gain was
gradually decreased.
2. When the patient had gaIned control at the
lowest gain scale, he attempted a movement
of the antagonists (wrist and fInger exten-
sors), while tryIng to keep the wave
amplitude constant.
3. The next progressIon was to move other
body parts (e.g. standing up and sitting
down, walking, etc.), whIle attempting to
keep the wave amplitude constant, or as
low as possible.
After six or seven sessions the machine was
turned off while the patient was working on
a movement, and in all cases the movement
was maintained. This was consolidated by
instr:lcting the patients to practise the rnove-
ments at home in the intervals between treat-
ments. Most found that after two or three
sessions they were able to produce a satisfactory
movement at home. During the treatments the
patients all had enforced rest intervals.
RESULTS
Table 2 shows the results of the film assess-
ments, performed individually, the scores being
the average score of the two assessors. The im-
provements are the differences between the
first and second assessments, shown as a per-
centage of the total possible score of 88. The
average improvement in the biofeedback group
was 8.43%, and that of the physiotherapy group
was 5.68%. The biofeedback group figure is
48.41 % higher than that of the physiotherapy
group. In each group, only one patient re-
mained unchanged, and all others showed some
improvement.
The wrItten assessment results are in Table 3,
showing the improvements in each parameter
of testIng which is likely to have been in-
fluenced by treatment. As regards muscle tone,
three patients were improved in the biofeed-
back group, and one in the physiotherapy
group. All patients were improved in theIr
voluntary movement outside synergistic move-
ment patterns. In functional activities, three
patients improved in the biofeedback group,
and two in the physiotherapy group. Two
patients in each group showed improvements
in gross motor activities. In both righting
reactions and synergistic movement patterns,
the biofeedback group only showed improve-
TABLE 2: FILMING ASSESSMENT RESULTS
BIOFEEDBACK GROUP PHYSIOTHERAPY GROUP
Total Total Percentage Total Total Percentage
Score Score bnprovement Score Score Improvement
A sseSS111en t Assess111en t ofPossible Assessment Assessment ofPossible
Patient 1 2 Total Score Patient 1 2 Total Score
D.S. 59.5 67.5 9.09% R.C. 23.5 23.5 0.00%
L.R. 51.5 57.5 6.81% E.B. 33.5 41.5 9.09%
R.R. 26.5 31.0 5.11% E.K. 30.0 40.5 11.93%
D.R. 35.0 47.5 14.20% G.D. 30.5 33.0 2.84%
J.P. 33.0 46.5 15.34% J.O. 22.0 26.0 4.54%
W.H. 24.5 24.5 0.00%
Average IInprovement Percentage - 8.43%
Total possible score - 88 points
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Average Improvement Percentage - 5.68%
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TABLE 3: WRITTEN ASSESSMENT RESULTS - IMPROVEMENT SCORES
BIOFEEDBACK GROUP
Muscle Tone
in Sitting on
a Straight
Patient Armless Chair
D.S.
L.R.
R.R.
D.R.
J.P.
W.H.
Voluntary
Movement
Outside
Synergistic
Movement
Pattern
6
8
33
18
50
28
Gross Synergistic
Functional Motor Righting Movement
Activity Abilities Reactions Co-ordina tion Patterns
11 10 2
13 2
33 3 5 1
18 3 3 10
PHYSIOTHERAPY GROUP
R.C.
E.B.
E.K.
G.D.
J.O.
29
33
37
16
25
9
9
8
3
4
10
1
4
TABLE 4: EFFECTS OF SENSORY IMPAIRMENT
BIOFEEDBACK GROUP
PHYSIOTHERAPY GROUP
Patient
D.S.
L.R.
R~R.
D.R.
J.P.
W.H.
R.C.
E.B.
E~K.
G.D.
J.O.
Percentage
Improvement
Total Possible
Score
9.09
6.81
5.11
14.20
15.34
0.00
0.00
9.09
11.93
2.84
4.54
Light Touch
Normal
Decreased
Decreased
Normal
Decreased
Normal
Decreased
Decreased
Decreased
Decreased
Normal
Join t Position
Pin Prick Sense Stereognosis
Normal Decreased Normal
Decreased Normal Normal
Decreased Decreased Decreased
Normal Normal Normal
DecreaseQ Normal Decreased
Nonnal Normal Normal
Decreased Decreased Absent
Absent Decreased Normal
Normal Decreased Absent
Normal Decreased Absent
Normal Normal Normal
ments in two patients. Four patients in each
group showed improvements in co-ordination.
In Table 4, the sensory impairment of each
patient is compared with his score from Table 2
to gauge whether the patient's sensory impair-
ment had any bearing upon his performance.
DISCUSSION
The improvements made in the parameters
of muscle tone, synergistic movement patterns,
righting reactions, and functional activities and
co-ordination, strongly support the effective-
ness of biofeedback therapy in the treatment of
hemiparesis. Although the samples available in
this study are small, when total groups are
Aust. J. Physiother. 25,4, August,1979
sub-divided accordIng to duratIon ot hemI-
paresis, age and other variables, some general
observations can be made.
Natural pathological recovery can be elimin-
ated from the improvements seen in these
patients as the duration of hemiparesis is six
months or greater.
The 48% difference in improvement between
the biofeedback group and the physiotherapy
group, from the film assessments (Table 2), is
significant and suggests a definite superiority
under these conditions of assessment.
Figures from these assessments suggest that
scoring 29 points or less initially coincides with
159
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little or no improvement in the biofeedback
group. Patients scoring between 30-50 points
made the greatest improvements, while those
scoring more than 50 points tended to score
somewhere between these groups. The equivalent
low-scoring patients in the physiotherapy group
made equally small improvements, while the
patients scoring between 30-50 points made
smaller improvements than the equivalent bio-
feedback group. There was no group scoring
over 50 points. From a comparison of Tables
1 and 2, it can be seen that there is no relation
between the degree of improvement in either
group and the time elapsed since the stroke,
the laterality, age or degree of spasticity present
on first assessment. It is relevant to note that
the only two patients to score a zero improve-
ment in the film assessments were the patient
with the flaccid arm in the biofeedback group
and the patient with the most severely in-
creased tone in the physiotherapy group. It
was not possible to show any bearing on the
results from different infarcts, with only two
exceptIons.
The written 0 bjective assessment (Table 3)
resulted in some interesting observations in the
various components of the assessment.
Muscle tone, tested in sitting in a straight
armless chair was improved by one point in
three of the six biofeedback group and in only
one of the physiotherapy group. The muscle
tone was graded from 2-8 in the Brunnstrom
pattern of assessment (Brunnstrom, 1970).
Functional activities, which included feed-
ing, dressing and brushing hair, were assessed
to give a score out of a possible 36 points.
Three of the biofeedback group showed sig-
nificant improvements of I 1, 33 and 18 points,
while two patients from the physiotherapy
group increased their scores by 9.
The biofeedback group showed the only im-
prJvements in the righting reactions and the
synergistic movement patterns. The former was
graded from 2-8 points and two patients showed
increases of 3 points. The latter was graded
from 2-7 points and two patients gave improve-
ments of 2 and 1 points.
Four patients from each group gained in-
creases in co-ordination and the scores from
the biofeedback group were not significantly
higher than those of the physiotherapy group.
The scoring of both groups for increases in
voluntary movement outside synergistic move-
ment patterns and gross motor abilities was
similar. It may be interesting to note that
though the improvements in strength, range of
active movement and control of proximal
muscle tone were observed to be similar in both
groups, the areas treated differed markedly.
The physiotherapy treatments involved the
whole arm and hand in attempting to teach
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control of spasticity and breaking down the
synergy, whilst the biofeedback treatments
concentrated on the muscles controlling the
hand and wrist (with one exception). Possible
reasons are, (a) the actual learning of control
over spasticity in the hands of the biofeedback
group and the patient's application of this to
the proximal muscles of the arm, or (b) the
breaking up of the distal components of the
synergistic pattern may have the effect of
releasing or breaking the pattern in the whole
arm.
The effects of sensory impairment in both
groups (Table 4) show no influence on the
degree of improvement with respect to any of
the four modalities tested.
In conclusion, it is felt that further trials of
this method of using biofeedback should take
place since the indications are that a wide range
of hemiparetic patients should benefit from
treatment of this form.
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